The clinical, pathologic, immunohistochemical, and electron microscopic characteristics of a pure intracranial gangliocytoma in a 6-year-old spayed female dog are presented. The tumor is very rare in humans, and has not been previously reported in the dog. The most remarkable feature of this tumor was that it was composed of a single neuronal cell type without the presence of glial elements, as demonstrated by the negative immunohistochemical reaction to glial fibrillary acidic protein.
Gangliocytoma is a rare tumor of humans and domestic animals and contains mature nerve cells, frequently neuroblastlike immature stages, and occasionally newly formed myelin ~h e a t h s .~.~.~~ The international classification of nervous system tumors of domestic animals mentions gangliocytomas very briefly, noting that it is rare in the dog, occurring in the ~erebellum.~ In humans, the tumor is rarely encountered and has a predilection for the floor of the third ventricle.
In this paper, we describe a gangliocytoma consisting exclusively ofganglion cells without the glial element in a 6-yearold female German Shepard cross dog. The clinical, pathologic, and ultrastructural aspects of the tumor are presented. The terminologic aspects of the diagnosis are discussed.
A 6-year-old spayed female German Shepherd cross dog had a 1-month history of a right head tilt with progressive ataxia, weakness, and dysphagia. Neurologic examination revealed severe ataxia, conscious proprioreceptive deficits of the right fore-and hind limbs, left-sided head tilt, bilateral dysfunction of the fifth, seventh, and eighth cranial nerves, alternating nystagmus (horizontal, vertical, and rotational), and intentional tremor. A complete blood count and biochemical profile were unremarkable.
Based on the presenting signs a diagnosis of a cerebrovestibular lesion was established, and a tentative diagnosis of cerebellopontine angle tumor was made. The dog was treated with prednisone (1 mg/kg twice daily), tapering over a period of 12 days. The dog responded well to treatment, and only a mild ataxia, slight head tilt, and horizontal nystagmus were evident after 12 days of treatment. An attempt to reduce the dose of prednisone resulted in a deterioration of the neurologic signs. The dose was therefore maintained at 1 mg/kg for 4 weeks, when the dog suddenly collapsed and died.
At necropsy, a 2.5-cm-diameter round mass was found on the left side of the cerebellum and brain stem (Fig. 1) . The mass replaced the area of the cerebellar, vestibular, and cochlear nuclei, caudal cerebellar peduncle, pyramid, and spinothalamic tract. The vermis ofthe cerebellum and the fourth ventricle were compressed and distorted. At the periphery, the mass was homogeneously gray and solid with occasional hemorrhagic foci; toward the center it was composed ofgrayish granular and soft necrotic tissue. No other abnormalities were noted in any other organs.
The brain was fixed in 10% buffered formalin/saline, embedded in paraffin, sectioned at 5 Km, and stained with he-matoxylin and eosin (HE). Additional stains used were Glees and Marsland's modification of Bielschowski's method for axons, cresyl violet for Nissl substance, and Gomori's stain for reticular fibers. Electron microscopy was performed on tissue fixed in formalin and postfixed with 1% osmium tetroxide.
Immunohistochemical staining for S-100, neuron-specific enolase (NSE), glial fibrillary acidic protein (GFAP), synaptophysin, neurofilaments (Dako Corp., Carpinteria, CA), and vimentin (Biogenex Laboratories, San Ramon, CA) were performed on selected slides using the avidin-biotin-peroxidase complex (ABC) technique.' Positive controls were peripheral nerve (Sloo), brain (NSE, GFAP, neurofilaments, synaptophysin), and small intestine (vimentin). Immunohistochemical reactions were graded as negative (-), slight (+), moderate (+ +), and marked (+ + +).
Histologic examination revealed the tumor growing by expansion without a capsule. The neoplastic mass consisted of lobules of various sizes. On its periphery, the neoplastic cells blended for a short depth with the neighboring cerebellar and brain stem tissue, causing slight vacuolation of the neuropil.
The majority of the mass was composed of numerous, uniformly distributed, relatively large, mature pyramidal neuronallike cells with prominent homogeneously stained eosinophilic or vacuolated cytoplasm and round voluminous to oval-shaped nuclei. The chromatin within the nuclei was marginated with one or two noticeable central nucleoli. A rich, tortuous network of capillaries and thicker blood vessels were distributed within the mass. No mitotic figures were noted. No glial cells were seen interspersed among the neoplastic neuronal cells. Occasional foci of mineralization were disseminated at random throughout the mass. Necrotic areas in the mass were relatively extensive, irregularly distributed, and accompanied by prominent edema, slight infiltration of polymorphonuclear cells, and relatively dilated and congested blood vessels. In some places, blood vessels had thick fibrous walls, and in others they formed small conglomerates of proliferating endothelial cells. Adjacent to the necrotic areas, neoplastic neurons tended to be arranged in irregular long columns with occasional formation of pseudopalisades. In such areas, long, hypereosinophilic, dense processes extended centripetally with a rim of neoplastic ganglion cells at the periphery (Fig. 2) .
Glees and Marsland's stain revealed a dense network of argyrophilic dendrites and axons within the tumor mass. The  Fig. 1. Brain; dog. Transverse section at the level of the cerebellum and brain stem. The gangliocytoma is seen as a gray round area. 1 = vermis of the cerebellum; 2 = lingula of the cerebellar vermis; 3 = cerebellar roof nuclei; 4 = caudal cerebellar peduncle; 5 = brain stem. nerve cell bodies also stained dark black. Cresyl violet revealed the presence of Nissl substance within the neoplastic neuronal cells. Gomori's stain showed the gangliocytes embedded in a fine reticulin network (Fig. 3) .
Electron microscopic examination revealed that the cytoplasmic membranes and organelles were poorly preserved; however, one type of nucleus could be distinguished as large with clear homogeneous chromatin containing a few nucleoli. The cells were considered of neuronal type because they contained in their cytoplasmic residual areas remains of mitochondria and rough endoplasmic reticulum (Nissl bodies). In addition, several residues of myelinated axons and a large number of capillaries were preserved.
The tumor tissue was moderately immunohistochemically positive for NSE (+ +), with only sporadic cells exhibiting marked positivity (Fig. 4) . In these cells, the cytoplasm was engorged with brownish granules. The cytoplasm of the neoplastic cells also was slightly positive for S-100. GFAP staining was negative, indicating the lack of a glial population of cells. For all other antibodies, the reaction was negative.
Ganglioglioma is the term used to define the group of neuroectodermal neoplasms characterized by the presence of both neuronal and glial neoplastic elements.* Gangliocytoma denotes a pure, mature ganglion cell tumor without significant glial ont tent.^.*.^^ Ganglioneuroma is the peripheral counterpart of the gangliocytoma and is usually found in relation to the sympathetic ganglia and peripheral nerves.) Ganglioneuroblastoma is an undifferentiated counterpart of the ganglione~roma.~ Although gangliocytoma and ganglioneuroma are considered by many as synonyms,'o the differences in terminology between these terms should be stressed as applied in human medicine. The term gangliocytoma should be used in this unique case because the tumor was The tumor presented in this report meets all the criteria for a gangliocytoma consisting exclusively of mature neuronal cells. The morphologic configuration of the tumor cells, as revealed by both light and electron microscopy, was typical of neuronal cells. Confirmation of the nature of the cells was made using special stains for neuronal cells, such as Glees and Marsland's stain for neurons and axons and cresyl violet for the presence of Nissl substance. The moderately positive NSE reaction further supported the identification of the neuronal cells.
The usually participating glial component is completely missing in this tumor, as demonstrated by histologic staining with HE and verified by the immunohistochemical negative staining for GFAP. In view of the sole presence of neuronal cells in this tumor, we have classified the tumor as a pure gangliocytoma. Tumors of this kind are rare in humans8 and very extraordinary in animals (A. Koestner, personal communication) . This is the first documentation of an intracranial tumor of this nature in the dog. Out of a series of 480 neurogenic tumors studied at Ohio State University, two have been diagnosed as neuroblastoma, one located in the lobus ansiformis and the other in the caudate nucleus. None of these consisted exclusively of mature neurons and did not fulfill the criteria for a gangliocytoma (A. Koestner, personal communication).
The immunohistochemical distribution of S-100 a and S-100 p subunit protein has been studied for a number of human brain tumors.6 Gangliocytoma has been found positive for both S-100 components. Although the components of the S-100 protein were not examined in this case, the positive reactivity pattern in the brain tumor is added confirmation ofa diagnosis ofgangliocytoma. Immunoreactivity to anti-neurofilament and anti-synaptophysin was negative in the case studied in this report. Immunomorphologic investigations camed out on human gangliomas have found some variability in the reactivity of these antibodies,' which may explain the negative results found in this study. Fifty percent of human cases were reactive to the anti-neurofilament and 85% reacted to anti-synaptophysin.
The origin of gangliocytoma is considered by some to arise from neuroblastic elements that undergo progressive maturation and are rarely discernable at the time of their detection." Gangliocytomas have been considered derivatives of the diffuse endocrine system,I3 although in humans only tumors of the parabasal area secrete detectable levels of hormone.' The tumor must be differentiated from a hamartoma, which is a congenital condition with clinical signs appearing in the very young.' The age of the animal and the continuous expansive growth with resultant extensive necrosis of this lesion attests to its neoplastic character. In humans, these tumor types affect children and young adults up to the age of 30.1°
In conclusion, the clinical, pathologic, immunohistochemical, and electron microscopic characteristics of this tumor from a spayed 6-year-old female dog indicate that it is a pure intracranial gangliocytoma. The most remarkable feature of this tumor is that it is composed of a single neuronal cell type without the presence of glial elements.
